Purpose: To determine recent trends in and sociodemographic/ comorbid conditions associated with penetrating keratoplasty (PK) and lamellar keratoplasty (LK) for keratoconus (KCN).
K eratoconus (KCN) is typically a bilateral, progressive corneal ectasia with the onset usually occurring during puberty. Historically, penetrating keratoplasty (PK) has been the standard of care in surgical management of KCN. 1, 2 More recently, the use of other procedures has been increasing, including deep anterior lamellar keratoplasty (LK), intrastromal corneal ring segments, and collagen cross-linking. 3 Numerous international retrospective studies have suggested that rates of PK for KCN are decreasing. [4] [5] [6] [7] [8] [9] However, studies from the United States have failed to show the same trend. One study from a large practice in Indiana revealed that the rate of transplantation in KCN cases was stable from 1982 to 1996. 10 Similarly, a report from a large tertiary care center found that the rates of transplantation remained constant from 1989 to 1995. 11 Another study using data from the Eye Bank Association of America even found that rates of PK for KCN were gradually increasing from 1990 to 2004, despite an overall decrease in PK procedures for all indications. 12 All of these US-based studies are now more than a decade old, and the first 2 focused on results only from a single institution or practice, possibly explaining the discrepancy with the more recent international literature.
Recently, race, obstructive sleep apnea, asthma, and Down syndrome have all been associated with an increased risk of being diagnosed with KCN, but how these and other sociodemographic and comorbid factors relate to the risk of corneal transplantation has yet to be determined. 13 The primary aim of this study was to investigate recent trends in corneal transplantation for KCN in the United States while also analyzing the sociodemographic and comorbid factors associated with the rate of transplantation.
MATERIALS AND METHODS

Setting and Data Set
The Clinformatics Data Mart Database (OptumInsight, Eden Prairie, MN), which contains deidentified medical claims of all beneficiaries from a large national insurance provider in the United States, was used for this study.
Included within the database are all outpatient medical claims (office visits, outpatient surgeries, and associated diagnoses) and demographic data for all beneficiaries during their enrollment in the insurance plan. The subset of data available for this study included all patients in the database from January 1, 2000, to June 30, 2013. The University of Pennsylvania's Institutional Review Board deemed this study exempt from review owing to the deidentified nature of the data.
Cohorts
Cohorts were created comprising each calendar year dating from 2001 to 2012. Every patient with a billing claim from an eye care provider with an International Classification of Diseases, 9th revision (ICD-9) diagnosis code for KCN (ICD-9 371.6x) ( Table 1) was assigned an index date based on the date of the first diagnosis. Each patient was then included in each following cohort year that a KCN diagnosis appeared. Additionally, patients were also included in subsequent cohort years if they had at least 6 months of continuous data in that year regardless of whether they had a claim for KCN. Patients were excluded from the analysis if they had less than 1 year before or less than 6 months of continuous data after the index date. Additionally, patients were excluded if they had any previous ICD-9 codes for other corneal diseases that may require a corneal transplant (ICD-9 371.0x-371.5x; 371.7x-371.8x).
Outcomes of Interest
The primary outcome was the rate of corneal transplantation per patient over time. A corneal transplant was considered to have occurred on any date on which a Current Procedural Terminology (CPT) code was seen for either PK (CPT4 codes 65730, 65750, and 65755) or LK (CPT4 code 65710). Final rates were adjusted for age, sex, race, household net worth, education level, diabetes, asthma, allergic rhinitis, collagen vascular disease, aortic aneurysm, Down syndrome, sleep apnea, hyperlipidemia, depression, dementia, macular degeneration, primary open-angle glaucoma, cataract, pseudophakia, aphakia, index year, region of the country, and insurance plan type.
Statistical Analysis
Demographic information and medical conditions were collected based on the index date (except age, which could change with each additional year the patient was entered into a cohort). Categorical variables were tested with chi-square in a univariate analysis. The univariate test for trend was used across each cohort year for rates of surgeries. Multiple logistic regression was used to calculate odds ratios (ORs) for undergoing transplant surgery. All P , 0.05 were considered significant.
RESULTS
A total of 21,588 patients with an ICD-9 diagnosis of KCN were identified during the study period after exclusions were applied (Fig. 1 ). Of them, 618 patients underwent 1306 PK procedures and 66 patients underwent 109 LK procedures. Demographic characteristics of the patients undergoing transplantation are summarized in Table 2 .
For the multivariate analysis for PK alone, regarding demographic information, patients aged 20 to 40 were significantly more likely to undergo PK [OR 1.90, 95% confidence interval (CI), 1.19-3.04, P , 0.001] than those aged 0 to 20. None of the other age groups showed a significant association with undergoing PK (P . 0.05 for all comparisons). Black patients were significantly more likely than whites to undergo PK (OR 1.36, 95% CI, 1.06-1.74, P = 0.01). No other race showed a significant association with the odds of undergoing surgery (P . 0.05 for all comparisons). Compared with patients in the geographic Midwest, patients in the Northeast were significantly less Table 3) . For LK, because of relatively small operative numbers in each cohort, few factors were found to be associated with LK surgery in either univariate or multivariate testing. Univariate analysis demonstrated that only a household net worth of $150,000 to $249,000 (OR 0.39, 95% CI, 0.18-0.81, P = 0.02) and .$500,000 (OR 0.23, 95% CI, 0.09-0.55, P = 0.02) showed significance. Multivariate analysis revealed that only age showed significance across all comparisons, although none of the individual comparisons were significant ( Table 4) .
The percent of the study cohort undergoing PK each year showed a significantly decreasing trend (P , 0.001) (Fig. 2) . The rates ranged from a high of 8.8% in 2002 to a low of 2.4% in 2011. To better quantitate the decreasing rate of PK surgery, the study period was split into 2 groups: from 2001 to 2008 and 2009 to 2012. After controlling for sociodemographic and comorbid conditions, the odds of undergoing PK was significantly less likely in the latter period (OR 0.57, 95% CI, 0.48-0.67, P , 0.001). LK occurred much less frequently than PK during the study period, ranging from a high of 0.63% in 2002 and 2006 to a low of 0.13% in 2001 (Fig. 3) . No difference in rates of LK was found throughout the study (univariate test for trend: P = 0.10, and multivariate analysis: 2009-2012, OR 0.80, 95% CI, 0.49-1.32; P = 0.39).
DISCUSSION
Our study found a decreasing rate of PK in KCN in the United States during the period 2001 to 2012 with the drop being most noticeable in the 2009 to 2012 period compared with the previous period. Age 20 to 40, male sex, black race, western geographic location, lower household net worth, and less education were all associated with increased rates of PK. No systemic or ocular comorbid conditions were associated with undergoing PK. Although several medical diagnoses have been associated with the development of KCN, 13 these same conditions do not alter the risk of undergoing surgery. Strengths of this study include the large sample size in a national database, making it less likely that practice patterns regionally or at an individual institution would influence results. We believe that this is the largest study to date looking at KCN. Additionally, we were able to collect a significant amount of demographic and medical history information to determine the associations of these variables with the rates of PK and LK. These results represent a dramatic shift from the previously reported trends in the United States. Darlington et al reviewed data from 1980 to 2004 and found that despite an overall decreasing PK rate in the United States since 1990, PK rates in KCN cases increased. 12 In another large single-institution study, Lois et al reported a stable rate of PK performed for KCN from 1989 to 1995. 11 Similarly, Dobbins et al described 481 PK procedures for KCN performed at a single practice in Indiana from 1982 to 1996, also finding that there were no significant trends in the frequency of PK for KCN. 10 Although not specific to KCN, these results are in contrast to those of endothelial keratoplasty in the United States, which has been shown to be increasing. 14 More recently, international studies have shown a trend toward decreasing corneal transplantation for KCN. [4] [5] [6] [7] [8] [9] These studies along with the present data indicate that the decrease in PK for KCN is an international trend. These findings and those from our study are most likely a product of substantial improvement in contact lens technology, 15, 16 as many patients who previously required a transplant may now be managed solely with contact lenses. This idea is further supported by a large epidemiologic study demonstrating the clear improvement in quality of life reported by contact lens wearers with KCN. 17 Contact lenses have the advantage of avoiding many of the potential complications associated with corneal transplantation, including short-term and long-term graft failure and dehiscence. 3 Although LK may significantly influence PK rates in the future, there was no corresponding increase in LK in our study that could explain the decreasing It has been previously reported that transplantation in KCN is more likely in patients of younger age and non-white race. 18 Additionally, our data suggest that lower socioeconomic factors, including less education and lower household net worth, are associated with increased odds of transplantation. To our knowledge, this has not been previously reported. We speculate that this finding is a consequence of the typically high out-of-pocket costs associated with fitting and purchasing contact lenses, making insurance-covered surgery a more affordable option to improve visual acuity for these patients.
Wealthy patients were overrepresented in this study. Although only 10.4% of the entire database had a net worth greater than $500,000, these individuals contributed 24.1% of the total patient years studied, which indicates that the data from wealthy patients are clearly out of proportion to the underlying population. This suggests one of 2 possibilities: either KCN occurs at higher rates in those with greater wealth or, more likely, socioeconomic barriers exist to seeking care for KCN even in those with health insurance. Together with the lower surgical rate, these data suggest that the wealthy group may be diagnosed at a less severe stage of disease and that they may have better access to nonsurgical alternatives, especially contact lenses.
This study has several limitations that are inherent to this type of data. Billing claims data rely on the individual practitioner's diagnostic coding and cannot be verified with chart-level data. Also because of the ambiguity of procedure coding, following patients on a per-eye basis is difficult, necessitating a per-patient-based analysis and preventing us from differentiating between primary and repeat surgery.
In addition, data for this study were obtained from a large private insurance population in the United States and may not be representative of the US population as a whole or other medical insurers (eg, uninsured people or the Veterans' Administration Health System). As noted above, the population in this study was much wealthier than the US population as a whole, and this difference needs to be considered when extrapolating the results beyond the cohort included in this database. Last, because billing codes do not include visual acuity, intraocular pressure, or keratometry results, we were not able to control for these variables.
In conclusion, corneal transplantation in KCN cases is decreasing in the United States. Future studies should be directed at evaluating the outcomes associated with the change in management patterns for KCN. Additional studies are also warranted to better understand how lower socioeconomic status impacts transplantation rates and the resultant outcomes.
